The peripheral blood lymphocyte populations and the subgingival levels of black-pigmented Bacteroides species were monitored during the conversion of chronic gingivitis to progressing periodontitis in cynomolgus monkeys. In addition, the effects of an immunomodulating agent, the pentapeptide of thymopoietin (TP5), were determined. After the induction of active periodontitis, proportions of helper T-cells (OKT-4 positive) decreased from 31.5 to 26.4%, and proportions of B-cells (surface immunoglobulin positive) increased from 44.5 to 51.8%. Proportions of suppressor T-cells (OKT-8 positive) remained unchanged, but the numbers of OKT-8-positive cells increased. During this same time period the total cultivable subgingival flora increased from 1.5 x 106 to 3.5 x 106 per sample, with Bacteroides gingivalis increasing from 5.3 to 16.6% of the total cultivable subgingival flora. After 10 weeks of active periodontitis, animals were treated with either TP5 or placebo. Treatment with TP5 produced an increase in helper T-cells but had no effect on B-cells. The OKT-4/ OKT-8 cell ratio, which decreased from 1.3 to 0.8 with disease induction, was increased to 1.1 after TP5 treatment but remained at 0.9 in placebo-treated animals. TP5 had no effect on the total cultivable subgingival flora but significantly decreased the subgingival proportions of B. gingivalis and other black-pigmented Bacteroides species. In this model system, active periodontitis was associated with an increase in B. gingivalis, a decreased helper/suppressor T-cell ratio, and increased levels of B-cells. Treatment with TP5 increased the helper/suppressor T-cell ratio and decreased B. gingivalis levels, suggesting that lymphocyte subsets have the potential to influence subgingival levels of potential periodontal pathogens.
Periodontitis is a chronic inflammatory disease which involves bacterially mediated conversion of a stable localized lesion to a progressive irreversible loss of periodontal bone and connective tissue. Intimate and prolonged contact between subgingival bacteria and the gingiva appears to activate a variety of host defense mechanisms, some of which can be monitored locally or in peripheral blood (17, 41, 42) . Since lymphocytes and plasma cells dominate in histological sections of human periodontitis, investigators have long postulated a central role for these cells in the pathogenesis of the disease process (28) . However, the actual role of lymphocytes and plasma cells in the progression of periodontitis is unclear at this time.
Although many host mechanisms have been implicated in periodontal disease as the result of in vitro reactivity to microorganisms (P. Chen, B. C. Nari, and R. J. Genco, Program Abstr. IADR. 59th, Chicago, Ill., abstr. no. 859, 1981; 6, 7, 15, 16, 24, 25, 29, 30) , the expression of these mechanisms in vivo most likely depends on the immunoregulatory balance of the host. Peripheral blood levels of Tlymphocyte subpopulations which function to either induce or suppress the immune response have been used as an indicator of overall immune status (1, 8) . In the present study an attempt was made to determine what changes occur in the peripheral lymphocyte populations as gingivitis converts to periodontitis and how these changes relate to specific microorganisms associated with periodontitis. This was accomplished by evaluating the peripheral blood levels of B-cells and T-cell subsets and the subgingival microbiota during the conversion of established chronic gingivitis to progressing periodontitis in a primate model. In addition, the effects of the immunomodulating compound thymopentin (TP5) on these lymphoid and microbial perturbations were determined.
MATERIALS AND METHODS
Twelve adult female cynomolgus monkeys with intact dentitions were obtained from Primate Imports (Port Washington, N.Y.), placed on a soft chow diet, and quarantined for 6 weeks to confirm systemic health status (protocol shown in Fig. 1 ). After quarantine (week -6), the animals underwent a complete oral examination, including radiographs and intraoral photographs. Any animal with preexisting periodontitis, unerupted third molars, or a mean plaque index (36) or gingival index (20) that was 1.0 was rejected from the study. These conditions were based on past experience with the model which indicated that animals with preexisting periodontitis started with an altered microflora and that young animals (unerupted third molars) and those which did not naturally develop plaque and calculus could not be predictably induced to develop periodontitis.
Bacterial and blood samples were obtained at weeks -6 and 0 to establish a base line with naturally occurring gingivitis ( Fig. 1) . At week 0 sterile silk sutures were tied around the cementoenamel junction of the second premolar and second molar on each side of the mandible to initiate the conversion of gingivitis to periodontitis. Clinical measurements and radiographs were taken again immediately before ligation (week 0). This model has previously been shown (14) to exhibit four distinct stages of disease. The animals have naturally occurring gingivitis, and this is termed stage I. In an attempt to maintain the animals in a state of progressing periodontitis for the duration of the study, the ligatures were retied every 2 weeks beginning at week 4. This procedure is based on our own data for monkeys (35) , as well as reports on ligature-induced periodontitis in beagle dogs (19 (22) .
Bacterial monitoring. Subgingival bacterial samples were collected and processed as described previously for this model (14) . Briefly, after isolation of a site and removal of supragingival plaque, subgingival plaque was collected on three sterile paper points and placed in reduced transport fluid (21) containing sterile glass beads. The samples were taken immediately to the anaerobic glove box for dilution and plating on enriched tryptic soy agar (40) .
Samples were evaluated for total CFU and for the number of black-pigmented (BP) Bacteroides species on enriched tryptic soy agar. In dilutions with 30 to 50 total colonies all pigmented colonies were subcultured, purified, and characterized to species level based on current taxonomy of these organisms (6, 10 Bacterial changes in the subgingival microflora were consistent with those described in previous reports (14, 38) on the microflora associated with periodontitis in this model system. The total cultivable microflora increased significantly (P < 0.05) from 1.54 x 106 + 0.19 at base line to 3.54 x 106 + 0.91 after disease induction. BP Bacteroides species increased from 11.4 ± 2.7% to 18.9 + 2.4%, which included a significant (P < 0.05) increase in B. gingivalis from 5.3 + 2.1% initially to 16.6 ± 2.4% 6 weeks after ligation.
Lymphocyte data were grouped into three time periods representing findings at base line with naturally occurring gingivitis (base line), findings 6 to 8 weeks after induction of periodontitis (postligation period), and findings after 5 to 6 weeks of treatment with either TP5 or placebo (posttreatment period). The two measurements taken at separate times in each experimental period were averaged to provide one data point for each animals for each period.
Peripheral lymphocyte populations at base line. The two base-line measurements of peripheral lymphocytes that were taken 6 weeks apart were stable and reproducible for all cell types, as demonstrated in Fig. 3 for OKT-4-positive cells. At base line, the animals appeared to segregate into two distinct groups based on the lymphocyte populations (Table 1) . Both groups had equal numbers of total lymphocytes but significantly different cell profiles. In group I animals, 60% of the peripheral lymphocytes were characterized as T-cells with a dominance of helper T-cells. Group II animals had equal numbers of B-and T-cells, with putative suppressor Tcells dominating over helper T-cells. The net result was that group II animals were characterized by higher levels of Bcells and a lower helper/suppressor cell ratio than group I. There were no clear clinical or radiographic differences between animals in the two groups. Peripheral lymphocyte changes after induction of periodontitis. When chronic gingivitis was converted to progressing periodontitis, the total number of peripheral lymphocytes increased significantly from 3.7 x 10 /mm3to 4.8 x 103/mm3.
Proportions of helper T-cells (OKT-4 positive) decreased significantly (P < 0.01) from 31.5 to 26.4% after ligation (Fig.  4) . Suppressor T-cells represented 25.9% of the peripheral lymphocytes and remained at comparable proportions throughout the experimental period. Thus, as the result of disease induction, there was a decreased ratio of helper to suppressor cells.
Proportions of B-cells (surface immunoglobulin positive) increased significantly (P < 0.05) after ligation from 44.5 to 51.8% (Fig. 5) .
When proportional levels of each cell type were converted to total cell numbers ( The two groups of monkeys which had different base-line lymphocyte profiles initially (Table 1 ) exhibited identical patterns of change when periodontitis was induced.
Peripheral lymphocyte changes after immunoregulation. After 16 weeks of ligation, the total leukocyte count in both TP5-and placebo-treated groups returned to the range observed at base line (Fig. 6) . Treatment with TP5 resulted in a significant increase in OKT-4 (helper) cells from 27.1 to 32.8% (Fig. 3) , whereas proportions of helper cells in placebo-treated animals remained unchanged. Suppressor cells tended to decrease in number in both treatment and placebo groups (Fig. 6) . The helper/suppressor cell ratio, which had decreased from 1.3 to 0.8 after disease induction, remained at 0.9 in the placebo-treated animals but increased to 1.1 in the TP5-treated animals. Both treatment groups had a decrease in immunoglobulin-positive cells that was significantly different from postligation levels. Mean posttreatment levels of immunoglobulin-positive cells in TP5-and placebotreated animals were comparable.
There were too few animals in each treatment group to adequately determine whether animals which had different 0 .5. lymphocyte profiles at base line (groups I and II) responded differently to TP5 treatment.
Bacterial changes after immunoregulation. After 2 or 6 weeks of treatment with either TP5 or the placebo, the total number of cultivable subgingival bacteria (Table 2) did not change significantly, but there was great variability among the animals.
The levels of BP Bacteroides species and B. gingivalis showed dramatic decreases after TP5 treatment. Mean levels of BP Bacteroides species decreased significantly (P < 0.05) from 23.6% of the flora at postligation to 10.4% after 2 weeks of treatment, and this lowered level persisted through 6 weeks of treatment. The levels of B. gingivalis also decreased from 21.9% at postligation to 3.3% after 2 weeks of treatment and 7.6% after 6 weeks. The proportional changes were due to a decrease in the number of BP Bacteroides species and B. gingivalis that were recovered rather than an increase in other microorganisms. In contrast, levels of the BP Bacteroides species and B. gingivalis in animals receiving the placebo did not change during the treatment period. DISCUSSION There are various lines of evidence which suggest that Blymphocytes may be involved in periodontitis. To further understand the possible role of both B-cells and T-cells in periodontitis, peripheral blood levels of B-cells and of putative helper and suppressor T-cells were evaluated during chronic gingivitis and progressing periodontitis in cynomolgus monkeys. This model system provided a well-defined active disease process, which cannot be substantiated in humans, and allowed the use of an immunomodulating drug under controlled conditions. (15, 16, 29, 30) . Many of the bacteria which have been associated with periodontal disease have been shown to produce a strong mitogenic response in murine B-cells as well as in human PBL (59th IADR, abstr. no. 859; 4, 7, 24, 25, 39) . Of particular interest is the observation by Smith and coworkers (39) that PBL from young adults with severe periodontitis are hyperresponsive to Staph A, a polyclonal B-cell activator. This effect may be attributable to either direct stimulation of B-cells or to alterations in regulatory mechanisms.
The present finding of a decreased peripheral OKT4/OKT-8 cell ratio as disease was induced is consistent with a recent preliminary report (P. Stashenko and L. M. Resmini, J. Dent. Res., abstr. no 1180, 1983), which noted the greatest gingival inflammation in a group of humans with a low T-cell proliferative response to oral microbial antigens. The lowresponse group also were found to have a decreased helper/ suppressor T-cell ratio when compared with patients who had less inflammation. A decreased helper/suppressor T-cell ratio has been reported after herpes virus infections (31) , cytomegalovirus mononucleosis (5), and acquired immune deficiency syndromes in both humans (43) and monkeys (18) .
Although PBL patterns may not predictably reflect cell patterns in local lesions, the present findings are consistent with previous observations for gingival tissue that stable established gingivitis is a T-cell lesion and periodontitis is dominated by components of the B-cell line (23, 32, 33) .
In the TP5-treated animals significant changes were observed in T-lymphocyte, but not B-lymphocyte, populations, as well as in levels of bacteria with periodontopathic potential. TP5 is the synthetic pentapeptide which represents the active region of the thymic hormone thymopoietin. Both TP5 and thymopoietin initiate phenotypic and functional maturation of the immature T-cell (9) . TP5 appears to be selective for T-lymphocytes, with no induction of B-cell maturation (13) or alteration in levels of serum immunoglobulins or number of B-cells (8) . In addition, thymopoietin has been shown to enhance latex particle phagocytosis, with no apparent effect on chemotaxis (11). In patients with atopic dermatitis, TP5 significantly increased proportions of suppressor T-cells but had no effect on helper T-cells or B-cells (12) . In three patients with primary T-cell defects, TP5 increased the proportions of helper T-cells from 12 to 13% initially to 44 to 50% during treatment (1) .
The significant reduction in B. gingivalis, after TP5 treatment produced an increase in helper T-cells, strongly implicates some T-cell-dependent function in the regulation of levels of this microorganism. Recently, Onderdonk and coworkers (27, 34) were able to prevent Bacteroidesfragilis abscesses in rats by adoptive transfer of the nylon wooladherent fraction of spleen cells but not by passive transfer of hyperimmune globulin from immunized animals. Both the present study and those by Onderdonk and coworkers suggest that T-cell function is involved in the ecology of Bacteroides species. Therefore, regulation of lymphoid populations may be important in controlling progression of diseases involving those microorganisms.
B. gingivalis has been strongly associated with adult periodontitis in both humans and nonhuman primates. The substantial decrease in subgingival levels of B. gingivalis after TP5 treatment must be viewed as a highly favorable response. The inability to demonstrate any alteration in the progress of disease in TP5-treated animals may reflect the overwhelming bacterial load which existed at the time of administration of TP5. Use of an immunomodulating agent as an adjunct to a local reduction of the bacterial load or to prevent bacterial shifts associated with periodontitis would appear to be more appropriate tests for agents similar to TP5.
In general, the present report suggests that active periodontitis is characterized by an increase in peripheral B-cells and a decrease in putative helper T-cells. An increase in helper T-cells was associated with a significant change in the subgingival microbiota. Above all else, however, it is very clear that the initiation of localized periodontitis in this model system was accompanied by a profound shift in the systemic immunoregulatory balance of the host. The implications of this shift to the ability of the host to respond to other challenges is not known. 
